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PhilippinesAbstract The study was conducted in order to establish and describe the mangrove zones and the
resource uses in Ajuy and Pedada Bays, Panay Island, Iloilo, Philippines. Plot or quadrat method
coupled with informal community folk interviews were done. Cluster and principal component
analyses indicated four mangrove zones: Zone 1 – Avicennia–Sonneratia zone; Zone 2 – Avicen-
nia–Rhizophora zone; Zone 3 – Avicennia–Excoecaria–Bruguiera–Ceriops zone; and Zone 4 – Avi-
cennia zone. Fishpond establishment was the main dominant activity. Additionally, subsistent and
apparently sustainable localized fuel wood gathering was still evidently practiced by the ﬁsherfolks.
With the bays’ natural mangrove landscape greatly deformed and transformed, the study recom-
mends two strategies which could serve as its turning point leading to a more sustainable utilization
and conservation of the mangroves. First we recommend the creation of a landscape corridor and
secondly, adoption of a mangrove aquasilviculture system as an alternative to the current extensive
ﬁshpond practice. Implementation of these two strategies can be facilitated by a strong biodiversity
education program and a local ordinance.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Institution for Marine and Island Cultures,
Mokpo National University.Introduction
The mangrove ecosystem is a unique type of forest character-
ized by its highly specialized vegetation and a typical and lim-
iting environment (Walsh, 1974). The distribution of
individuals within it, as well as factors which have molded this
habitat have become a recurrent concern in studies on man-
grove ecology. Vegetation zonation of the mangroves, a fre-
quently conspicuous feature, has long attracted scientiﬁc
interest (e.g., see reviews by Walsh (1974), Snedaker (1982),iversity.
2 K.S. Sinfuego, I.E. BuotTomlinson (1986) and Hutchings and Saenger (1987), (Bunt
et al., 1991). Incidentally, the zonation of mangrove ecosys-
tems in Ajuy and Pedada, Iloilo, considered as vital areas in
the province’s remaining stretch of mangrove belt is poorly
known.
This paper examined the mangrove zones occurring in Ajuy
and Pedada bays and recorded current utilization of the
mangroves.Methodology
Study area
The bays of Ajuy and Pedada are located in the coastal munic-
ipality of Ajuy (1110’30’’ N, 1231’16’’ E) in the northeastern
part of Iloilo, a province in Panay Island, Philippines. Ajuy
Bay borders the municipality of Ajuy in the south while Peda-
da Bay is situated further down, adjacent to the municipality
of Barotac Viejo which borders Ajuy on the west. This munic-
ipality has a total land area of 17,557.19 ha and has a shoreline
length which stretches to an estimated 74.83 km. As of 2007,
the mangrove area in the municipality was reported to occupy
117.7 ha (Ajuy Municipal Agriculture Ofﬁce, 2007).
Methods
Field method
Ten sampling plots (20 · 20 m) were established randomly on
the seaward and inland mangrove portions of the two bays.
Plots 1–5 were located in Ajuy Bay (Fig. 1) and with plots 6–
10 in Pedada BayFig. 2). Individual plants foundwithin the plot
were identiﬁed following primarily the nomenclature of Prima-
vera et al. (2004). Other identiﬁcation references were consulted
as well (e.g., Doydee et al., 2008). Basic vegetation parameters
were measured for each identiﬁed species: (a) diameter at breastFig. 1 Study areas at Ajuy Bay, Panay,height (dbh) in cm, (b) basal area in m2, (c) density, and (d)
height in m (minimum, maximum and average).
The vegetation data were supplemented with few socio-eco-
nomic data gathered through a survey. The 153 respondents,
who were ﬁsherfolks residing in the barangays, and selected
key informants, provided the necessary information on the
current utilization of the mangroves in the area. Respondents
were both men and women who were doing mangrove activi-
ties with no due consideration on gender and age bias. Survey
was documented by the questionnaire answer sheets and no
voice recoding was done. Assessing the mangroves as a re-
source likewise involved simple recordings of direct observa-
tions on the surrounding environment of each plot and the
mangrove landscape in general (e.g., the presence/absence of
other bodies of water and the extent of anthropogenic inﬂu-
ence). The permit to do ﬁeld work and interviews was provided
by the village head.
Data analysis
Species richness (S) was used for both the cluster and ordina-
tion analyses. Each sample plot was compared pairwise by
computing for the Srensen coefﬁcient (Sørensen, 1957) deﬁned
as follows:
Ss ¼ 2c=aþ b ð1Þ
where: Ss = Srensen coefﬁcient of similarity, c= the number
of species common to both plots, a= the number of species
in plot 1 and b= the number of species in plot 2.
A similarity matrix for all the plots was prepared and was
then subjected to hierarchical cluster analysis and principal
component analysis (PCA). The outputs were a dendrogram
by average linkage clustering method and a two-dimensional
component plot. For the socio-economic information, the
analyses made were chieﬂy descriptive in nature since the pri-
mary data were obtained through purposive and convenience
sampling. In this process, only frequency and percentage distri-Island (in red dots) (NAMRIA, 2003).
Fig. 2 Study areas at Pedada Bay, Panay, Island (in red dots) (NAMRIA, 2003).
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and analyzed using the SPSS Inc. (1998).Results
Mangrove zonation
The hierarchical cluster analysis revealed a dendrogram classi-
fying the ten plots into four clusters at a similarity level of 4.5
(Fig. 3). Each cluster was referred to as zone in this study. The
results of the cluster analysis is similar to that of the principal
components analysis (PCA) (Fig. 4). The principal compo-
nents analysis (PCA) showed four groups of vegetation corre-
sponding exactly to the zones of the cluster analysis. Evident
from the component plot was the overlap between Zones 1
and 2, implying some commonality between these two zones.
This is a normal trend in natural environments. These four
zones were named after the dominant species, namely: Zone
1 – Avicennia–Sonneratia zone; Zone 2 – Avicennia–Rhizo-
phora zone; Zone 3 – Avicennia–Excoecaria–Bruguiera–Ceri-
ops zone; and Zone 4 – Avicennia zone.Fig. 3 Dendrogram showing four zones of mangrove vegetation inZone 1: Avicennia–Sonneratia zone. Zone 1 includes plots
1, 2 and 6 (Fig. 5). The highest tree recorded was a Sonneratia
alba from plot 6, estimated at 15 m, while the shortest was
1.5 m both from Avicennia marina and S. alba in plot 2
(Table 1). The average height of trees in this zone was 5.1 m.
The largest dbh recorded from the ten sampling plots was from
S. alba (218 cm), which was also the highest tree in this zone.
The largest and smallest basal areas were both observed from
S. alba, at 6.53 and 0.38 m2, respectively. A. marina over-
topped S. alba in dominance with respect to density (0.0875),
the latter having the lowest density in this zone (0.0075).
These plots were all located along the coast and had mini-
mal human disturbance. They were not much frequented by
people though they were near the community. Plot 6, speciﬁ-
cally, was already part of a private property, and hence was
not easily accessible. Additionally, seedlings of Rhizophora
spp. (bakhaw) were found growing in plot 6. Per result of
the key informant interview, replanting has long been initiated
by the owner. This site also served as the site for the tree plant-
ing activity held in the municipality.
Zone 2: Avicennia – Rhizophora zone. Zone 2 included
plots 3, 5 and 10 (Fig. 6). The highest tree was RhizophoraAjuy and Pedada Bays named after the most dominant species.
Fig. 4 Principal components analysis of the 10 plots indicating 4 groups corresponding to the 4 zones in the cluster analysis.
Fig. 5 The less disturbed Zone 1.
Table 1 Some structural characteristics of the mangrove zones in Ajuy and Pedada Bays.
Zone 1 Zone 2 Zone 3 Zone 4
Plots covered 1, 2, 6 3, 5, 10 7, 8 4, 9
Location Ajuy Ajuy, Pedada Pedada Ajuy, Pedada
Height max (m) 15 15 25 16
Height min (m) 1.5 1 1.5 3
DBH max (cm) 218 98 150 116
BA max (cm2) 6.53 3.24 3.38 3.08
BA min (cm2) 0.38 0.01 0.01 0.06
Density max (no./400 m2) 0.0875 0.0850 0.0525 0.1050
Density min (no./400 m2) 0.0075 0.0051 0.0025 0.0025
Total number of species for the whole study area: 13 of the 39 species reported in the Philippines Sinfuego and Buot (2008).
4 K.S. Sinfuego, I.E. Buotapiculata at 15 m from plot 3, while the shortest was a meter-
high A. marina from plot 5 (Table 1). The average height of
trees was 5 m in this zone. The largest dbh was from S. alba
(98 cm). The largest basal area was observed from A. marina
(3.24 m2) and the smallest from Avicennia sp. (0.01 m2). Thehighest density was recorded from A. marina (0.0850) whereas
three species had the lowest, namely, Avicennia sp., R. apicula-
ta and S. alba (0.0050).
Presence and nearness of human settlement to the man-
groves was observed in this zone. Access was nevertheless quite
Fig. 6 Frequently cut mangrove trees at Zone 2.
Fig. 7 A portion of Zone 3.
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private plantation. Acanthus spp. and Excoecaria agallocha
were also noticed on the riverbank in plot 3.
Zone 3: Avicennia–Excoecaria–Bruguiera–Ceriops zone.
Sampling plots 7 and 8 comprised Zone 3 (Fig. 7). The highest
tree was A. marina at 25 m from plot 8 while the shortest was
1.5 m, observed from the species A. marina, Bruguiera
cylindrica and Osbornia octodonta in both plots (Table 1).
The average height of trees in this zone was 6.6 m. The largest
dbh measured was from A. marina (150 cm), which is also the
highest tree found in the zone. The largest basal area recorded
was from A. marina (3.38 m2) while the smallest was from
E. agallocha (0.01 m2). A. marina dominated this zone in terms
of density (0.0525). Avicennia rumphiana, Ceriops decandra,
E. agallocha and Thespesia populnea had the lowest densities
(0.0025).
People can access the zone through plot 7 which has been a
convenient path for the local ﬁshermen to reach the sea. A
channel has been observed in plot 7 as well where ﬁshermen
do ﬁshing regularly. Mangrove associates Acanthus spp. and
Sesuvium portulacastrum were found on the undergrowth in
this zone.Zone 4: Avicennia zone. Zone 4 included plots 4 and 9
(Fig. 8). The highest and smallest tree were both A. marina,
at 16 and 3 m, respectively, in plot 9 (Table 1). The trees in this
zone had an average height of 7.3 m. The largest dbh was from
A. marina (116 cm). Incidentally, the same A. marina was also
the highest tree in the zone. The largest basal area was ob-
served from A. marina (3.08 m2) while the smallest area was
from A. rumphiana (0.06 m2). A. marina remained dominant
in terms of density (0.1050) whereas A. rumphiana had the low-
est recorded density (0.0025). Plots comprising this zone were
found in between the periphery of ﬁshponds and a watercourse
(i.e., creek and river). Plot 9, notably, was located inside an
abandoned pond which had been used to rear crabs in the past
per narratives of key informants during interviews. E. agallo-
cha was the only non-Avicennia true mangrove species found
in the plots. Mangrove associates Acanthus spp. and S. portul-
acastrum were also seen growing in plot 9 of this zone.
Mangrove utilization
Results of the survey particularly on the knowledge of local
residents on the use of mangrove species are presented in
Table 2 The respondents’ knowledge on the uses of the different mangrove species.
Mangrove species Use Frequency Percentage
Aegiceras spp. Fuelwood 2 1.67
Avicennia marina (Forsk.) Vierh. Fuelwood 40 33.33
Construction material 44 36.67
Others 19 15.83
Avicennia spp. Fuelwood 2 1.67
Construction material 10 8.33
Others 6 5.00
Bruguiera cylindrica (L.) Blume Fuelwood 2 1.67
Camptostemon philippinensis (Vidal) Becc. Fuelwood 1 0.83
Others 2 1.67
Ceriops decandra (Griﬀ.) Ding Hou Christmas tree 1 0.83
Ceriops tagal (Perr.) C.B. Rob. Baluk 1 0.83
Fuelwood 2 1.67
Excoecaria agallocha L. Fuelwood 2 1.67
Construction material 2 1.67
Others 3 2.50
Lumnitzera sp. Net handle (sibot) 1 0.83
Nypa fruticans (Thunb.) Wurmb. Charcoal 1 0.83
Rooﬁng material 4 3.33
Rhizophora spp. Fuelwood 14 11.67
Construction material 55 45.83
Others 27 22.50
Sonneratia alba J. Smith Fuelwood 36 30.00
Construction material 60 50.00
Others 21 17.50
Sonneratia caseolaris (L.) Engl. Fuelwood 1 0.83
Construction material 1 0.83
Others 2 1.67
Xylocarpus granatum Koen. Fuelwood 1 0.83
Construction material 1 0.83
Net handle (sibot) 1 0.83
Fig. 8 Zone 4 dominated by Avicennia.
6 K.S. Sinfuego, I.E. BuotTable 2. The species of the genera Avicennia, Rhizophora and
Sonneratia were the most popularly known among the local
residents. People had been using these as fuelwood and as con-
struction material among others. Several other species of man-
groves in the area are being used as well for charcoal making,fuelwood, rooﬁng materials, handles for ﬁshing implements
and construction materials but not so popular. This may lead
to more harvesting of species belonging to Avicennia,
Rhizophora and Sonneratia when there are alternative species
anyway.
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Mangrove zones in Ajuy and Pedada bays (Fig. 3) have very
few remaining species (Table 1). Only 13 of the 39 true man-
groves reported in the Philippines (Sinfuego and Buot, 2008)
were found in the study areas in Ajuy and Pedada bays. This
scarcity of species is not normal. The area should have major-
ity of the 39 mangrove species as the Philippines has been en-
dowed by the optimum climatic conditions favorable for
mangrove growth and development. Most area of the bays
(Figs. 1 and 2) are now occupied by ﬁshponds or idol lands
after ﬁshponds had been abandoned. Hence, the very low spe-
cies richness.
It seems this is the general trend in southeast Asia
(Doydee et al., 2008; Doydee and Buot, 2011; Tinh et al.,
2009; Primavera, 1995; Primavera et al., 2004). In Thailand,
salt ponds and ﬁshponds had adversely affected mangrove
ecosystem functions (Doydee et al., 2008; Doydee and Buot,
2011). In Vietnam, shrimp ponds and ﬁshponds in large and
commercial scale had alerted scientists and policy makers
(Tinh et al., 2009) to do something. Scientists and local gov-
ernment units had recommended intercropping strips of man-
groves with ponds to enhance detritus food chain. This is the
aquasilviculture system of Primavera et al. (2004). Moreover,
in Vietnam, lessening of artiﬁcial additives for algal enhance-
ment in ponds had been strongly suggested. In Thailand, con-
structing biodiversity or landscape corridors had been
recommended (Doydee and Buot, 2011) to reestablish the lost
mangrove vegetation that aggravated the 2004 tsunami along
Andaman Sea.
In Ajuy and Pedada, the condition is alarming consider-
ing the natural functions of the mangrove ecosystems as
breeding grounds of ﬁshes and other aquatic organisms, as
sentinel of the marine waters, as guardian of the inland eco-
systems and as home to numerous ﬂora and fauna (Buot,
1994). Attention to the current issues in mangroves is all
the more urgent as many people are dependent on mangrove
resources for food and subsistence as the case of the local
residents in Ajuy and Pedada bays. Ordinary people who so-
lely depend on the mangroves for survival simply gather
ﬁsh, crustaceans, few ﬁrewood and other products from
the mangrove ecosystem (Table 2). Though, many locals in
Ajuy and Pedada are practicing the sustainable way, it is
very important for the local government to initiate and lead
the rehabilitation efforts in the abandoned coastal lands.
This will bring back the favorable ecological state of the
ecosystem.
Conclusion
Species richness in the four zones of mangrove vegetation in
Ajuy and Pedada bays in Iloilo, Panay Island was remark-
ably low due to conversion to ﬁshponds. Despite this man-
grove deforestation, local people still were knowledgeable of
the uses of the remaining mangrove species. Incidentally, a
huge percentage of them knew only of the uses of the spe-
cies under the genera Avicennia, Rhizophora and Sonneratia.
This can lead to subsequent overexploitation of these species
when there are alternative species of exactly similar uses as
well in the area. A holistic rehabilitation program consider-
ing the aforementioned should be started immediately. Twostrategies can be initiated: (1) building of biodiversity corri-
dors or landscape corridors, and (2) engaging in aquasilvi-
culture system where ﬁshponds are intercropped with
mangrove trees. These two strategies however, should be en-
hanced and facilitated by a strong community biodiversity
education program and a municipal or even barangay (vil-
lage) ordinance.Acknowledgements
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